ypertension is not only a common cardiovascular disease (CVD), but also a major risk factor contributing to other CVD. The Seventh Report of the Joint National Committee on the Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (BP) defined prehypertension as a systolic BP (SBP) of 120-139 mmHg and/or a diastolic BP (DBP) of 80-89 mmHg, which reclassified BP and put forward the new concept of prehypertension to further understanding of hypertension as a consecutive process from normal BP to high BP. Some studies have indicated that prehypertension is a risk factor for myocardial infarction and coronary artery heart disease, and that the risk of CVD not only depends on BP level but also depend on the level of other coexisting risk factors. 1,2 Hypertension often develops under the combined action of risk factors associated with metabolism, 3 such as obesity, 4,5 abnormal glucose metabolism, 6,7 dyslipidemia 8 etc. Alcohol drinking is a recognized independent risk factor of hypertension. 9 There are marked ethnic and geographic differences in BP level and prevalence of hypertension in China. 10 Mongolian people are a major minority in northern China, living in the rural and animal husbandry area and maintaining their traditional lifestyle and diet, which is high in fat and salt and low in fresh fruit and vegetables. Our preliminary findings suggested that the prevalence of prehypertension and hypertension, and the rates of risk factors such as obesity, alcohol drinking, hyperlipidemia, hyperglycemia and high concentration of C-reactive protein (CRP), were higher among the Mongolian population of Inner Mongolia, China. 11 However, it is unclear whether and to what extent there is clustering of these cardiovascular risk factors in the prehypertension phase among Mongolians. This study compared the clustering of risk factors, including alcohol drinking, overweight, hyperlipidemia, hyperglycemia and high CRP, between normotensive and prehypertensive subjects in order to provide a basis for community prevention of hypertension and CVD in the Mongolian population.
Data Collection and Examination
An interview-based survey of hypertension was performed using a questionnaire by trained staff. Demographic data, disease history, family history of hypertension, cigarette smoking and alcohol drinking were investigated. Cigarette smoking was defined as at least 1 cigarette/day for 1 year or more. Alcohol drinking was defined as consuming at least 50 g alcohol/day for 1 year or more.
Three BP measurements were performed by 4 trained doctors while the study participants were seated, using a standard mercury sphygmomanometer according to a standard protocol, after the subjects had been resting for 30 min. The 1 st and 5 th Korotkoff sounds were recorded as SBP and DBP, respectively; the mean of 3 measurements was used in the analysis. Prehypertension was defined as SBP of 120-139 mmHg and/or DBP of 80-89 mmHg, and hypertension was defined as SBP ≥140 mmHg and/or DBP ≥90 mmHg and/or use of antihypertensive medication in the 2 weeks prior. Normotension was defined as SBP <120 mmHg and DBP <80 mmHg without use of antihypertensive medication.
Body weight and height were measured by trained staff with subjects wearing light clothing and without shoes. The body mass index (BMI) was calculated as weight in kilograms divided by the square of the height in meters. The waist circumference (WC) was measured at the level of 1 cm above the umbilicus. Overweight was defined as BMI ≥25 kg/m 2 , and central obesity was defined as WC ≥85 cm for males and ≥80 cm for females. 12, 13 In the morning a 5-ml fasting venous blood sample from the antecubital vein was taken and the serum was separated in the field, then sent to the laboratory under cold conditions where it was frozen at -80°C until analysis. Fasting blood glucose (FBG) was examined using a Roche glucose meter (Roche, Basel, Switzerland) and hyperglycemia was defined as FBG ≥6.1 mmol/L. Total cholesterol (TC), high-density lipoprotein-cholesterol, and triglycerides (TG) were analyzed enzymatically on a Beckman Synchrony CX5 Delta Clinical System (Beckman Coulter, Inc, Fullerton, CA, USA) using commercial reagents. Low-density lipoprotein-cholesterol (LDL-C) levels were calculated by the Friedewald equation; hyperlipidemia was defined as TC ≥5.72 mmol/L and/or TG ≥1.69 mmol/L and/or LDL-C ≥3.64 mmol/L. CRP was determined by immunoturbidimetry on a Beckman Synchron CX5 Delta Clinical System using commercial reagents. All participants were divided into even quartiles of CRP by gender, and a high concentration of CRP was defined as upper quartile (males: ≥12.64 mg/L, females: ≥10.36 mg/L).
Statistical Analysis
The mean and 95% confidence interval (CI) of continuous variables, prevalence and 95%CI of categorical variables were calculated for normotensive, prehypertensive and hypertensive individuals before and after adjustment for age and sex. In calculating the means, logarithm translations were conducted for skewed variables (BMI, TC, TG, FBG, CRP), and then means and 95%CI were calculated. Analysis of covariance was used to compare difference for adjusted mean among inter-groups, and Student-Newman-Keuls test was used to compare differences between 2 groups. Comparisons of adjusted prevalence between and among groups were performed by χ 2 tests. Proportions of individuals with 0, 1, 2 and ≥3 risk factors were calculated in normotensives, prehypertensives and hypertensives, and the relationship between BP status and the number of risk factors clustering was analyzed with Cochren-Mantel-Haenzsel statistics. Multivariate logistic regression analysis was used to estimate the odds ratio (OR) and 95%CI of prehypertension and hypertension associated with 1, 2 and ≥3 risk factors clustering, adjusted for age, sex and family history of hypertension. In the analysis, normotension, prehypertension and hypertension served as 3 levels of the dependent variable, and the number of risk factors clustering, age, sex and family history of hypertension were independent variables. All P-values were based on a 2-sided test and a significance level of 0.05. Statistical analysis was conducted using SAS statistical software (version 9.1; Cary, NC, USA).
Results
The 2,589 people who signed informed consent and were included in this analysis comprised 1,064 men and 1,525 women. There were 968 hypertensives (485 men, 483 women), 994 prehypertensives (409 men, 585 women) and 627 normotensives (170 men, 457 women). The prevalence of prehypertension and hypertension was 38.4% (38.4% in men and 38.4% in women) and 37.39% (45.6% in men and 31.4% in women), respectively. The rate of males (50.1%) was also higher in the hypertensive group than that (41.1%) in the prehypertensive group, which was higher than that among the normotensive subjects (27.1%). The average age (52.0 years) was higher in the hypertensives than that (44.6 years) in the prehypertensives, and higher in the prehypertensives than in the normotensives (41.1 years) ( Table 1) . Table 2 shows the average levels of the various risk factors in the 3 BP groups. After adjustment for age and gender, levels of TG, TC, LDL-C, CRP, FBG, BMI and WC were all significantly higher in hypertensives than in prehypertensives (all P<0.05). They were also significantly higher in the prehypertensives than in the normotensives (all P<0.05). Table 3 shows the rates of overweight, central obesity, hyperlipidemia, hyperglycemia, high CRP, family history of hypertension, smoking and alcohol drinking among the 3 BP groups. Rates of all except smoking were significantly higher in hypertensives than in prehypertensives (all P< 0.01), and most of them were also significantly higher in the prehypertensives than in normotensives (all P<0.01) except for hyperglycemia and smoking. Table 4 is a comparison of the number of risk factors clustering among normotensives, prehypertensives and hypertensives. The proportion of clustering of 2 and ≥3 risk factors was higher in the hypertensives than in the prehypertensives (both P<0.01), and higher in the prehypertensives than in the normotensives (both P<0.01).
With normotensives serving as the control, the multivariate-adjusted ORs of prehypertension and hypertension associated with the number of risk factors clustering were estimated in multivariate logistic analysis using a multinomial logistic model ( Table 5) .
There was a positive and significant association between the number of risk factors clustering and prehypertension and hypertension; for example, after adjustment for age, sex and family history of hypertension, clustering of 2 risk factors was associated with 1.93-fold higher odds of prehypertension and clustering of ≥3 risk factors was associated with 2.44-fold higher odds of prehypertension compared with no risk factors. Furthermore, clustering of 2 risk factors was associated with 3.84-fold higher odds of hypertension and clustering of ≥3 risk factors was associated with 6.95-fold higher odds of hypertension compared with no risk factors. There were dose-response relationships between the number of risk factors clustering and prehypertension and hypertension (both P<0.01).
Discussion
Our study found that prehypertensive subjects in a population of Mongolians living in the rural and animal husbandry area of Inner Mongolia had higher levels of some cardiovascular risk factors including TG, TC, LDL-C, FBG, BMI, WC and CRP, and higher prevalence of some cardiovascular risk factors including overweight, central obesity, hyperlipidemia and high CRP compared with normotensives, and that hypertensive subjects also had higher levels and prevalence of those risk factors than those with prehypertension. In addition, prehypertensives had a higher proportion of clustering of 2 and ≥3 risk factors compared with normotensives, and hypertensives also had higher proportion of clustering of 2 and ≥3 risk factors than prehypertensives. These findings imply that prehypertension is a phase in the progression to hypertension from normal BP, and that individuals with prehypertension in the Mongolian population are at risk of hypertension and other CVD. A previous study showed that individuals with higher BP had a higher morbidity of CVD than those with normal BP. 14 Kim et al also demonstrated a greater risk of CVD among individuals with high normal BP compared to those with normal BP. 15 In the follow-up study of Hsia et al, the adjusted hazard ratios for women with prehypertension were 1.58 for cardiovascular death, 1.76 for myocardial infarction, 1.93 for stroke, 1.36 for hospitalized heart failure, and 1.66 for any cardiovascular event compared with normotensive women. 2 As hypertension, prehypertension tends to be more severe over time, and the progression to hypertension from prehypertension depends on the level of BP. Some prospective studies revealed that the morbidity of hypertension increased with elevated BP among those with prehypertension. 16, 17 The present study found that there was a doseresponse relationship between the number of cardiovascular risk factors clustering and prehypertension; the greater the number of clustering cardiovascular risk factors, the greater the OR of prehypertension. These findings indicate that prehypertension is also the result of an accumulation of various risk factors. Although the prevalence rates for some cardiovascular risk factors and the number of risk factors clustering in the prehypertensives were significantly lower than in the hypertensives, the prehypertensives also had significantly higher prevalence rates of overweight, central obesity, hyperlipidemia, and high CRP compared with the normotensives, which meant that some cardiovascular risk factors exist strongly in the phase of prehypertension. Continuous accumulation of various risk factors in prehypertension would lead to hypertension in future years.
Some investigations have shown that dyslipidemia, elevated FBG and high CRP tend to coexist with hypertension and prehypertension. 18, 19 In a study by Zhou et al, 50% of the prehypertensive subjects had at least 1 component of abnormal metabolism, and 20% had at least 2 components of abnormal metabolism. 20 Hu et al also showed that metabolic syndrome not only tended to occur among hypertensives, but also among prehypertensives, 21 and Greenlund et al reported that prehypertensives had a greater probability of hypercholesterolemia and hyperglycemia than normotensives. 22 In our study, the prevalence rates of overweight or central obesity, hyperlipidemia, hyperglycemia, high CRP and alcohol drinking were higher in the hypertensives than in the normotensives, and the prevalence rates other than for alcohol drinking were also higher in prehypertensives compared with normotensives. We focused the analysis on the impact of mutual clustering of the 5 risk factors on prehypertension and our findings indicate the importance of clustering of these risk factors for prehypertension and hypertension in Mongolian people. As we know, aggregation of multiple risk factors can increase the risk of CVD, [23] [24] [25] so controlling BP, lowering body weight, blood lipids and FBG to target levels, and controlling alcohol drinking among individuals with high BP are important goals for preventing hypertension and CVD in the Mongolian people. People with prehypertension should be informed of the consequences of progressing to hypertension from prehypertension, and lifestyle modifications should be emphasized to prevent hypertension and CVD. 
Study Limitations
First, this was a cross sectional study in which progression to hypertension from prehypertension with 1, 2 or ≥3 risk factors could not be precisely delineated. Second, approximately 25% of individuals who were eligible for inclusion did not participate in the study, which would unavoidably cause some selection bias. However, the study site is remote from the city, inhabitants know little about their BP values, and it is unlikely that they did not participate in the study because they knew their BP values, which might have partly retrieved the above deficiency. In summary, our study found that prehypertensives had higher levels and prevalence of some cardiovascular risk factors and a higher proportion of clustering of 2 and ≥3 risk factors compared with normotensives. This finding indicates that there is clustering of cardiovascular risk factor in prehypertensives and also suggests that prevention of hypertension and CVD needs not only control of BP, but also various risk factors. More positive strategies, including lifestyle modifications and treatment for the early prevention of CVD, might be needed for individuals with prehypertension.
